The crystal structures of hydrothermally synthesized silver(I) aluminium bis[hydrogen arsenate(V)], AgAl(HAsO 4 ) 2 , silver(I) gallium bis[hydrogen arsenate(V)], AgGa(HAsO 4 ) 2 , silver gallium diarsenate(V), AgGaAs 2 O 7 , and sodium gallium diarsenate(V), NaGaAs 2 O 7 , were determined from singlecrystal X-ray diffraction data collected at room temperature. The first two compounds are representatives of the MCV-3 structure type known for KSc(HAsO 4 ) 2 , which is characterized by a three-dimensional anionic framework of corner-sharing alternating M 3+ O 6 octahedra (M = Al, Ga) and singly protonated AsO 4 tetrahedra. Intersecting channels parallel to [101] and [110] host the Ag + cations, which are positionally disordered in the Ga compound, but not in the Al compound. The hydrogen bonds are relatively strong, with OÁ Á ÁO donor-acceptor distances of 2.6262 (17) and 2.6240 (19) Å for the Al and Ga compounds, respectively. The two diarsenate compounds are representatives of the NaAlAs 2 O 7 structure type, characterized by an anionic framework topology built of M 3+ O 6 octahedra (M = Al, Ga) sharing corners with diarsenate groups, and M + cations (M = Ag) hosted in the voids of the framework. Both structures are characterized by a staggered conformation of the As 2 O 7 groups.
Chemical context
Metal arsenates often form tetrahedral-octahedral framework structures with potentially interesting properties, such as ion conductivity, ion exchange and catalytic properties (Masquelier et al., 1990 (Masquelier et al., , 1994a (Masquelier et al., ,b, 1995 (Masquelier et al., , 1996 Medvedev et al., 2003; Ouerfelli et al., 2007a Ouerfelli et al., , 2008 Pintard-Scré pel et al., 1983; Rousse et al., 2013) . A detailed study of the system M + -M 3+ -As-O-(H) was therefore conducted, and a wide variety of new compounds and structure types were found and have been published (Schwendtner, 2006; Schwendtner & Kolitsch, 2004a ,b, 2005 ). Thus far, three different structure types for M 1+ M
3+
(HAsO 4 ) 2 compounds have been reported. Two of them are very common and were first described for isotypic phosphate compounds. The (H 3 O)Fe(HPO 4 ) 2 type (Vencato et al., 1989) is also adopted by -CsSc(HAsO 4 ) 2 (Schwendtner & Kolitsch, 2004b) , while the (NH 4 )Fe(HPO 4 ) 2 type (Yakubovich, 1993 ) is adopted by -CsSc(HAsO 4 ) 2 (Schwendtner & Kolitsch, 2004) and (NH 4 )Fe(HAsO 4 ) 2 (Ouerfelli et al., 2014) . The KSc(HAsO 4 ) 2 type (Schwendtner & Kolitsch, 2004a) has so far been the only known example; the two new protonated arsenates presented here are two further representatives of this structure type. 3+ As 2 O 7 compounds crystallize in six known structure types, some of them isotypic to phosphates or silicates. The CaZrSi 2 O 7 type (mineral gittinsite; Roelofsen-Ahl & Peterson, 1989 ) is also adopted by LiFeAs 2 O 7 (Wang et al., 1994) , LiM 3+ As 2 O 7 (M 3+ = Al, Ga, Sc) and NaScAs 2 O 7 (Schwendtner & Kolitsch, 2007d) . The NaInAs 2 O 7 type (Belam et al., 1997) has no other known members. The TlInAs 2 O 7 type (M + = Tl, Rb, NH 4 ) (Schwendtner, 2006 ) is also adopted by KFeAs 2 O 7 (Ouerfelli et al., 2007b) . The RbAlAs 2 O 7 type (Boughzala et al., 1993) is also known for M 1+ = Tl, Cs (Boughzala & Jouini, 1992) , M 1+ = K (Boughzala & Jouini, 1995) , and is further represented by KGaAs 2 O 7 (Lin & Lii, 1996) , KCrAs 2 O 7 (Siegfried et al., 2004) and the mixed (Al/Fe) compound TlAl 0.78 Fe 0.22 As 2 O 7 (Ouerfelli et al., 2007a) . The KAlP 2 O 7 type is extremely common for phosphates and also has five examples that are arsenates, (Kolitsch, 2004) , Rb (Schwendtner & Kolitsch, 2004a) , and Tl (Baran et al., 2006) , as well as CsCrAs 2 O 7 (Bouhassine & Boughzala, 2015) , and the mixed (Al/Cr) compound K(Al 0.75 Cr 0.25 )As 2 O 7 (Bouhassine & Boughzala, 2017) . The NaAlAs 2 O 7 type (Driss & Jouini, 1994 ) is also known for AgFeAs 2 O 7 and NaFeAs 2 O 7 (Ouerfelli et al., 2004) , and the M1
2+

M2
2+ representative CaCuAs 2 O 7 (Chen & Wang, 1996) . The two diarsenates presented here also adopt the NaAlAs 2 O 7 structure type.
Structural commentary
AgAl(HAsO 4 ) 2 and AgGa(HAsO 4 ) 2 are isotypic and crystallize in the monoclinic (C2/c) microporous framework structure of KSc(HAsO 4 ) 2 (Schwendtner & Kolitsch, 2004a) . The asymmetric unit contains one Ag, one Ga/Al, one As, four O and one H sites (Fig. 1) . The Al/Ga atoms lie on a special position (twofold rotation axis) and the Ag + cation is situated on an inversion centre. In the case of AgGa(HAsO 4 ) 2 , the Ag + cation occupies a split position (Fig. 1b) , where Ag1 sits on the inversion centre, with a freely refined occupancy of 0.75 (2). The second site (Ag2) is only 0.31 (3) Å away from Ag1 and has a freely refined occupancy of 0.123 (10). In total, this leads to a composition of one Ag atom per formula unit. The slightly distorted M 3+ O 6 octahedra share corners with six hydrogen arsenate tetrahedra to form a three-dimensional, anionic framework structure with narrow irregular channels parallel to [101] and [110] (Fig. 2) , which host the Ag + cations. The latter show a rather irregular [6 + 2]-coordination in both compounds. However, it is well known that Ag atoms tolerate a broad spectrum of coordination spheres (Mü ller-Buschbaum, 2004) .
The protonated apex of the AsO 4 tetrahedron is involved in a relatively strong hydrogen bond with O4Á Á ÁO2(x, Ày + 1, z + 1 2 ) = 2.6212 (17) and 2.6240 (19) Å for the Al (Table 2) and Ga compounds (Table 4) , respectively, which runs roughly perpendicular to the (101) plane (Fig. 2) . The As-OH bond lengths (Tables 1 and 3 ) are considerably elongated in comparison to the three remaining As-O bonds (Ferraris & Ivaldi, 1984) , but at 1.7161 (10) Å for the Al and 1.7096 (12) Å for the Ga compound are slightly shorter than the average As-OH bond length in HAsO 4 2À anions of 1.72 (3) Å (Schwendtner, 2008) . The bonds to non-protonated O ligands are shorter than the average mean As-O bond length for inorganic arsenates (1.686 Å ; Schwendtner, 2008) , and fit well with the data for As bonds to non-protonated O atoms in H 1-3 AsO 4 groups [average 1.669 Å , Schwendtner, 2008;  1.670 Å , AgAl(HAsO 4 ) 2 ; 1.675 Å , AgGa(HAsO 4 ) 2 ]. The average bond lengths for the AlO 6 and GaO 6 octahedra agree well with published averages (Baur, 1981; Overweg et al., 1999) . Bond-valence sums were calculated using the bondvalence parameters of Brown & Altermatt (1985) , and amount to 0.88/0.90 (Ag1), 0. (Driss & Jouini, 1994) . The asymmetric unit contains one Ag/Na, one Ga, two As and seven O sites, all of which occupy general positions (Fig. 3) . The basic building block is an As 2 O 7 group, which is connected to the GaO 6 octahedra by two corners. The other four free O ligands are connected to different GaO 6 octahedra to form a three-dimensional framework structure (Fig. 4) 
Table 2
Hydrogen-bond geometry (Å , ) for AgAl(HAsO 4 ) 2 . Table 4 Hydrogen-bond geometry (Å , ) for AgGa(HAsO 4 ) 2 .
The As-O-As angle is very close to the average value of As 2 O 7 groups in a staggered conformation (124.2 , Schwendtner & Kolitsch, 2007d) for both compounds (see Tables 5 and 6 ).
The GaO 6 octahedra are slightly distorted and the average Ga-O bond lengths are close to the literature values ($1.96 Å ; Overweg et al., 1999) . The Na + and Ag + cations show a strongly distorted octahedral coordination. The calculated bond-valence sums using the parameters of Brown & Altermatt (1985) for Ag, Ga and As, and Wood & Palenik (1999) for Na, amount to 1.06/1.00 (Ag/Na), 3.11/3.11 (Ga), 
Synthesis and crystallization
The compounds were grown by hydrothermal synthesis at 493 K (7 d, autogeneous pressure, slow furnace cooling) using Teflon-lined stainless-steel autoclaves with an approximate filling volume of 2 cm 3 . Reagent-grade Ag 2 CO 3 , Ga 2 O 3 , -Al 2 O 3 , Na 2 CO 3 , and H 3 AsO 4 Á0.5H 2 O were used as starting reagents in approximate volume ratios of M + :M 3+ :As of 1:1:2. The vessels were filled with distilled water to about 70% of their inner volumes, which led to final pH values of < 1 for all synthesis batches except NaGaAs 2 O 7 (pH 1.5). The reaction products were washed thoroughly with distilled water, filtered and dried at room temperature.
The two hydrogen arsenates formed pseudo-dipyramidal colourless crystals up to 2 mm in length (yield > 95% for the Al compound with minor amounts of AgCl, explained by the reaction of Ag + with remnants of concentrated hot HCl used for standard cleaning of the Teflon vessels before each new experiment; Fig. 5a ). The crystals of AgGa(HAsO 4 ) 2 (Fig. 5c) were accompanied by about 20% of AgGaAs 2 O 7 as pseudoorthorhombic platelets (Fig. 5d ). NaGaAs 2 O 7 crystallized as small, colourless platelets with a diamond-shaped outline (yield 100%) (Fig. 5b) . Table 6 Selected geometric parameters (Å , ) for NaGa(As 2 O 7 ). Measured X-ray powder diffraction diagrams of the NaGaAs 2 O 7 and AgAl(HAsO 4 ) 2 synthesis batches were deposited at the International Centre for Diffraction Data under PDF number 57-0162 (Prem et al., 2005) for NaGaAs 2 O 7 and 57-0161 (Prem et al., 2005) for AgAl-(HAsO 4 ) 2 .
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 7 .
For easier comparison, the atomic positions of the isotypic compounds KSc(HAsO 4 ) 2 (Schwendtner & Kolitsch, 2004) and NaAlAs 2 O 7 (Driss & Jouini, 1994) were used for the final refinement. The O-H distance was restrained to 0.9 (2) Å for AgAl(HAsO 4 ) 2 and refined freely for AgGa(HAsO 4 ) 2 .
Remaining electron densities are below 1 e Å À3 for the two hydrogen arsenates. The remaining maximum and minimum electron densities in the final difference-Fourier maps are located close to the As1 atom (0.87/0.78 Å ) for NaGaAs 2 O 7 , and close to the Ag atom (0.73/0.66 Å ) for AgGaAs 2 O 7 . Computer programs: COLLECT (Nonius, 2003) , HKL DENZO and SCALEPACK (Otwinowski et al., 2003) , SHELXS97 (Sheldrick, 2008) , SHELXL2016 (Sheldrick, 2015) , DIAMOND (Brandenburg, 2005) and publCIF (Westrip, 2010) . For all compounds, data collection: COLLECT (Nonius, 2003 ); cell refinement: HKL SCALEPACK (Otwinowski et al., 2003) ; data reduction: HKL DENZO and SCALEPACK (Otwinowski et al., 2003) ; program(s) used to solve structure:
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SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2016 (Sheldrick, 2015) ; molecular graphics:
DIAMOND (Brandenburg, 2005) ; software used to prepare material for publication: publCIF (Westrip, 2010) . Extinction coefficient: 0.0114 (3)
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Extinction coefficient: 0.0133 (3)
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